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This thesis evaluates the ability of Agrobacterium

tumefaciens

strains

resistant to the compound DIMBOA [2, 4-dihydroxy-7-methoxy-2h-l,4benzoxazin-3(4H)-one] to infect corn. DIMBOA is a secondary plant
metabolite and is believed to have antimicrobial properties and provides
resistance to the plant against microbial infection.

Agrobacterium-

mediated genetic transformation technique can be employed to genetically
alter most dicotyledonous plant species. However, such transformation has
been limited in monocotyledonous plants, especially corn. One of the
factors responsible for this recalcitrance is the presence of DIMBOA in
corn shoots. In this study, we proposed the use of DIMBOA- resistant
strains of Agrobacterium

tumefaciens, bearing binary plasmids pGUS and

pBG5. These plasmids contained reporter GUS (p-glucuronidase) gene

vi

and NPT II (Neomycin Phosphotransferase) gene conferring resistance to
kanamycin. These genes were placed under the eukaryotic 35S CaMV
promoter and had a NOS terminator. A plant intron was inserted into the
GUS reporter gene in the pGUS plasmid. The Agrobacterium

strains were

subjected to treatments with virulence gene inducers like acetosyringone
(plant phenolic), nopaline, glucose and arabinose at various concentrations
to evaluate increase in gene transfer events.

The presence of the foreign reporter gene in the plant genome was
indicated by the visual GUS assay, typically by the appearance of blue
color in transformed corn and tobacco tissue in the presence of substrate
X-Gluc (5-bromo-4-chloro-3-indoly glucuronide). A concentration of
O.lmM acetosyringone was most optimal for the gene transfer event.
Nopaline, glucose and arabinose did not affect the transformation
efficiency.

Polymerase Chain Reaction (PCR) was employed to diagnose the
presence of GUS gene in the plant genome. The GUS reporter gene is a
derivative of the bacterial uidA and is about 2000bp in size.

Genomic

DNA extracted from putative transformants of corn and tobacco tissue was
amplified using primer sequences specific to the GUS gene. The PCR
products were analyzed by agarose gel-electrophoresis. The transformed
tissues

were

represented

by

band

vii

size

comparable

to

uidA

of

approximately 2000 base pairs. The non-transformed tissue did not
indicate the presence of this gene; thus, its absence suggested transfer of
the reporter gene into the host plant genome. Although the percentage of
transformation in corn tissue was low, Agrobacterium-mediated

genetic

transformation of corn was possible. We therefore suggest the use of
DIMBOA-resistant Agrobacterium

strains, treated with the inducer AS at

a concentration of O.lmM for genetic transformation of corn.
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Introduction

The study of tumor formation in plants has made tremendous and interesting
progress since Smith and Townsend (1907) demonstrated that
tumefaciens

Agrobacterium

induces crown gall tumors in plants. Landmark discoveries and

pertinent investigations were made in the 70's and 80's, when it was found that
tumor formation involved transfer of oncogenic segments of DNA (Chilton et al.
1977) and that this response occurred in the presence of host released chemical
signals (Johnson and Das, 1998) and evolved from a conjugal transfer process.
This bacterium inhabits soil, and its attachment to plant cell takes place in
response to phenolic compounds released at plant wound sites (Winans et al.
1994). Tumor formation occurs by transfer and integration of the T-DNA region
present in the tumor-inducing plasmid (Ti-plasmid) of Agrobacterium,

into the

plant genome. This T-DNA fragment contains phytohormone bio-synthesis genes
responsible for gall formation in plants. The other type of genes in the T-DNA
regions are those encoding for the synthesis of opines (Graves and Goldman,
1986). Agrobacterium

infection in plants results in tumor formation and the

release of opines. The opine catabolism genes in the Ti-plasmid catabolize opines
like nopaline, octopine, succinopine and regulate them as energy sources for
Agrobacterium

(Hooykaas et al. 1984).

T-DNA transfer process
The T-DNA is flanked on either side by 25 base pairs direct repeats. The
process of T-DNA transfer is a cooperative action of the different proteins encoded
by the virulence genes (vir) and proteins in the bacterial chromosome.

The

virulence region located on Ti-plasmid is about 30 kb in size and comprises
essentially six operons needed for T-DNA transfer namely vir A, B, C, D, G, and
vir E (Binns and Thomashow, 1988). The T-DNA transfer takes place in an
organized and stepwise manner. The primary process is the attachment of the
bacteria to the plant cell where the bacteria colonize and anchor onto the host cell.

The wirA and virG are responsible for activating the transcription of other
virulence genes (Hansen et al. 1994; Winans et al. 1994). VirA is a transmembrane
dimeric sensor protein that detects signal molecules. The signals are comprised
mainly of plant phenolic compounds like acetosyringone (AS) released from
wounded plant tissue, reported in tobacco and also some monosaccharides
(Ankenbauer and Nester, 1990; Mantis and Winans, 1992; Lee et al. 1995).

Chang and Winans (1992) found that VirA protein structurally has three
domains: the periplasmic or input domain and two transmembrane domains, TM1
and TM2 which act as transmitters of signals and also sensors for receiving
signals. The periplasmic domain is considered essential for detection

of

monosaccharides. TM2 plays a critical role in the activation of VirA by

phosphorylating at a conserved His-474 residue in response to signaling molecules
from injured/wounded plants. Once the VirA is activated it transfers its phosphate
to a conserved aspartate residue on the cytoplasmic DNA binding protein, VirG
which acts as a transcriptional factor, regulating the expression of virulence genes
when it is phosphorylated by VirA (Jin et al. 1990).

The right border of the T-DNA region is imperative for T-DNA transfer (Hille
et al. 1983). Synthesis of T-DNA is initiated at the right border and proceeds from
5' to 3' direction. The enhancer present next to the right border is specifically
recognized by the VirCl. This enhancer is shown to increase the virulence of
Agrobacterium

strains (Toro et al. 1989).

VirDl and VirD2 proteins are involved in recognizing and nicking of the
bottom strand of T-DNA. After the endonucleolytic cleavage VirD2 remains
covalently attached to the 5'-end of the single stranded T-DNA and distinguishes
the 5'-end as the leading end of the transfer complex (Durrenberger et al. 1989).
This complex is now ready for transfer to the plant cell and must be translocated to
the plant nucleus for integration into the plant genome. The virB operon is
responsible for the generation of a suitable cell surface structure for the transfer of
the T-DNA complex to plant cell. In other words, this operon forms a channel
between the bacterial and plant cell for T-DNA transfer. Once the naked singlestranded T-DNA complex is inside the plant cell it gets coated with the VirE2

proteins which protect it from degradation by plant nucleases and also assist in
integration (Das 1988; Rossi et al. 1996). VirE2 and VirD2 proteins contain two
plant nuclear localization signals (NLS) responsible for integrating the T-DNA
complex into the plant nucleus (Herrera-Estrella et al. 1990; Zupan and Zambryski,
1995).

In order to develop transgenic plants, the tumor-causing genes on the T-DNA
are disarmed (Barton et al. 1983, Fraley et al. 1985). Next, novel gene(s) of interest
along with selectable marker genes like antibiotic resistance genes are inserted
between the border sequences of the T-DNA region (Bevan et al. 1983).
Transformation of cereals using direct transformation methods such as particle
bombardment has been very successful (Komari et al. 1998). Efforts to generate
genetically modified plants using Agrobacterium

have been successful in most

dicotyledonous species. Unfortunately, such transformation has been limited in
members of the Poaceae family and specifically in corn (Zhang et al. 2000).
Recent reports indicate generation of herbicide-resistant transgenic rice plants via
expression of B. subtilis Protox gene. A ubiquitin promoter was attached to this
gene and targeted to the cytoplasm and the plastid using

Agrobacterium-mediated

gene transformation (Lee et al. 2000). Also recently beta-carotene enhanced rice
was

developed

to

Agrobacterium-mediated

decrease

the

Vitamin

A

deficiencies

in

transformation techniques (Potrykus, 2001).

rice

using

Few trials to develop transgenic corn have been successful. Graves and
Goldman (1986) reported the transfer of T-DNA from Agrobacterium

tumefaciens

strains B6 and C58N to the wounded sites on the scutellar node of germinating
corn seedlings. Strain specific opine synthesis was detected in the corn seedlings
inoculated with Agrobacterium

approximately 7-14 days after inoculation. In

another experiment, a partial dimer of the Maize Streak Virus (MSV) was cloned
into the T-DNA region between the 25 base pair border repeats and introduced into
Agrobacterium.

Using this method, corn embryos were infected with the construct

bearing an Agrobacterium

strain. Appearance of MSV symptoms in corn plants

after a few days demonstrated the integration of T- DNA in them (Grimsley et al.
1987). Other successful transformations have been reported in crops like maize
and barley (Hiei et al. 1994, Dong et al. 1996, Ishida et al. 1996, Rashid et al.
1996, Tingay et al. 1997, Potrykus 2001).

Despite previous success, generation of transgenic corn remains challenging.
One of the many reasons listed for Agrobacterium's

recalcitrance to cause

infection in corn is the presence of an antimicrobial, secondary metabolite called
DIMBOA (2,4-di hydroxy-7-methoxy-2H-l, 4-benzoxazin-3 (4H)-one), (Sahi et
al. 1990). This compound is a plant defense regulator that inhibits

Agrobacterium

infection. DIMBOA is present in intact cells as DIMBOA-glucoside. Wounding of
corn cells/tissue leads to the enzymatic hydrolysis of DIMBOA-glucoside and
release of DIMBOA. DIMBOA interacts with aerobic organisms by inhibiting

ATP synthesis and ATPase activity, which in turn, leads to a gradual decrease in
energy-metabolism and eventual de-regulation of essential metabolic pathways.
DIMBOA is considered toxic to fungi and bacteria (Niemeyer, 1988). DIMBOA,
at concentrations higher than 0.3mM, is reported to be toxic to insects/fungi
infesting the plant and also inhibits the virulence gene induction of

Agrobacterium

(Sahi et al. 1990).

In this study, corn shoot apices and immature corn embryos were inoculated
with Agrobacterium

strains bearing the binary plasmids with GUS gene. To

overcome the inhibitory capacity of DIMBOA, Agrobacterium

strains resistant to

this compound were used. Tobacco (Nicotiana tabacum) was used as a model
system to evaluate the virulence of A. tumefaciens and the functionality of the
plasmids. We provide evidence for presence of the reporter gene in tobacco and
corn genome and report that inducers like acetosyringone (AS) can increase
transformation efficiency. Finally, the presence of GUS gene in the plant cell was
indicated by the histochemical GUS assay and also confirmed using Polymerase
Chain Reaction.
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Materials and Methods

Plant Materials
Seeds of corn inbred line FRB73 were procured from Illinois Seed Foundation.
The seeds were grown in the green house at 24-28 °C under Gro-lux lights at 16/8hour light/dark period. Approximately 20 days after germination, the shoots were
separated from the roots. These shoots were sterilized in 10% Clorox solution for
15 minutes and then rinsed three-four times with sterile deionized (DI) water.
Following sterilization, the shoot apical meristems were excised under a
stereomicroscope, using sterile jewelers forceps and 27 1/2-gauge blades (Walden
et al. 1989). These apical meristems were then wounded with a sterile hypodermic
26G 0.045x 10 mm needle in a sterile laminar flow hood.

Immature corn embryos were obtained from FRB73 line seeds. Seeds were
grown at the Western Kentucky University farm. Tassels were bagged mainly to
prevent pollen grains from dispersing. Corn plants were then self-pollinated and
cobs harvested 14 days after pollination (DAP) (Mooney and Goodwin, 1991).
Cobs were then sterilized and rinsed with sterile DI water, as described above.
Next, immature corn embryos were removed from the 14 DAP cobs using a sterile
27 1/2 gauge blade and scalpel (Sahi, 1992).

Tobacco seeds (c.v Maryland Mammoth) provided by Dr. Sigrid Jacobshagen
(Western Kentucky University) were germinated in the greenhouse. Young leaves
from 10 week old tobacco plants were harvested and surface sterilized (procedure
described above). Leaf discs were then excised from regions between the veins
using a 1cm diameter cork borer.

Bacterial strains and Binary plasmids
The binary plasmids pGUS and pBG5 carried the GUS (P-glucuronidase)
reporter gene and the NPT II (neomycin phosphotransferase) gene conferring
resistance to kanamycin. The GUS gene was placed under the control of a 35S
CaMV promoter and a NOS terminator in pBG5 (Figurel). These plasmids were
mobilized into six DIMBOA-resistant Agrobacterium

strains K289, K15/80,

113/80, G45/79, F13/80 and Chry9 (Sahi, 1992). The binary plasmid pGUS had the
plant intron IV from SL-T plant gene inserted into the unique Sna BI endonuclease
site as seen in figure 2 (Vancanneyt et al. 1990). This binary plasmid was provided
by Dr. Peter Christie, Texas Medical Center, Houston, Texas. The binary plasmid
pBG5 was provided by Dr. B. Hohn, Frederick M. Basel Institute, Switzerland.
Both plasmids, pGUS and pBG5, are pBIN 19 derivatives.

Preparation of bacterial cultures
A single colony of wild-type Agrobacterium strain (described above) was used

m»
pBG5 lir.i.-y Fiuaid
<35$ V-GVS fe«isft in f»:k:»>

Figure 1. Schematic representation of plasmid pBG5. The T-DNA region bears the
NPT II gene, that confers resistance to kanamycin and the GUS gene driven by the
35 S eukaryotic promoter and NOS terminator. This plasmid is a derivative from
pBIN19.
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Figure 2. Schematic representation of pGUS plasmid showing intron IV from the
plant gene ST-L cloned into the unique Sna BI restriction enzyme site. This
plasmid also contains the GUS reporter gene (Vancanneyt et al. 1990).

to inoculate 2mL of liquid MGY media (Mannitol lOg/L, KH 2 P0 4 0.2g/L, Na + salt
of L-Glutamic acid 2g/L, NaCl 0.2g/L, MgS0 4 .7H 2 0 0.2g/L, Yeast extract lg/L,
dH20, pH 7.0). Bacterial strains carrying plasmids were grown in MGY medium
and supplemented with lOOmg/L kanamycin. This starter culture was grown for 18
hrs at 25 °C in an orbital shaker at a speed of 125 rpm to ODgoo of 0.7-0.8 (Turk et
al. 1994). This culture was then inoculated into 25 mL of MGY liquid media and
grown for another 6-8 hrs with kanamycin at lOOmg/L. The cells were collected by
centrifugation at 7000 rpm for 5 minutes at 4°C and re-suspended in 25 mis of
liquid MGY media without kanamycin.

To determine the effect of AS on the efficiency of gene transfer from
Agrobacterium

to plant cells, bacterial virulence genes were induced at various AS

concentrations (0.05mM, O.lmM, 0.2mM, 0.5mM, and l.OmM). To make this
determination, bacterial culture was suspension supplemented with the different
concentrations of AS and incubated for 3 hrs. The wounded plant explants were
then

co-cultivated

with

bacteria

in AS

supplemented

media

for 3 hrs.

Combinations of AS with nopaline (an opine), at concentrations of 15 or 30/xg/L,
(Veluthambi et al. 1989) and also monosaccharides like glucose (lOmM) and
arabinose (lOmM) were used to enhance the induction of virulence genes of
Agrobacterium

(Peng et al. 1998; Ankenbauer and Nester, 1990; Shimoda et al.

1990). Induction of the bacterial cultures with these compounds was similar to AS
incubation procedure described above.

Infection procedure of tobacco leaves and corn meristems
Tobacco leaf disc infection:
Tobacco leaves from two weeks of age were harvested, sterilized and cocultivated with the six Agrobacterium

cultures with and without binary plasmids

previously induced with AS. This induction was not mandatory for tobacco as AS
is released from wounded sites of tobacco tissue (Stachel et al. 1986). To evaluate
the potential functionality of the strains and to determine a possible increase in
transformation efficiency using external inducers, the Agrobacterium

strains were

incubated with O.lmM AS. After co-cultivation, the explants were vacuuminfiltrated for 60 min and plated on agar containing MSBN nutrient medium plates.
Composition of MSBN includes MS salts (Murashige and Skoog,

1962),

Gamborg's Vitamin B5 powder lx, Sucrose 30g, benzyl amino purine lmg, NAA
O.lmg made to one liter at pH 5.8, phytagel at 8gL_1. After one week the leaf-discs
were transferred to MSBN agar plates additionally supplemented with kanamycin
(lOOmg/L), carbenicillin (500mg/L) and vancomycin (200mg/L).

Infection of Corn Meristem:
Corn shoot apices excised from approximately 20 day old seedlings were
infected with Agrobacterium
pGUS and pBG5).

strains Chry9 and K289 (with/without plasmids

Figure 3 is a representation of the dome shaped apical

meristem from 20 day old corn shoot, targeted for infection with

Agrobacterium

strains. Preparation of bacterial cultures and induction of the bacterial virulence

Figure 3. Scanning Electron Micrograph of corn shoot apical meristem from 20
day old seedling. A three layered structure with dome shaped apex is seen.

genes with AS was similar to tobacco. However induction of Agrobacterium

was

carried out at different concentrations of AS (0.05, 0.1, 0.2, 0.5, 1.0 raM) for 3
hours. A longer induction period (12hrs) was evaluated to determine the effect it
would have on transformation rates. Also nopaline at 15 and 30 jig/L, glucose and
arabinose at lOmM concentrations were included in the media to determine any
increase in transformation efficiency caused by induction of virulence genes.
Vacuum-infiltration and co-cultivation procedures were similar to tobacco.
Meristems were then plated on agar nutrient plates MSFMI. Composition of
MSFMI includes half strength MS basal salts and 3% (w/v) sucrose, pH 5.8, 0.8 %
w/v agar (Schlappi and Hohn, 1992). After 3 days, the apices were transferred to
agar MSFMI plates containing kanamycin (lOOmg/L).

Immature embryos were harvested 14 days after pollination. The meristematic
region of the embryos was wounded with a sterile hypodermic 26G 0.045x10mm
needle. The infection procedures using Agrobacterium

strains were similar to that

of corn shoot apical meristems described previously. These embryos were then
plated with their scutellar side facing the MSFMI agar plates.

Histochemical analysis of GUS gene in tobacco and corn tissue
GUS assay is a visual assay and an easy way to identify the presence of GUS
gene in the transformed tissue. GUS gene expression in the putatively transformed
tissue is observed by the appearance of blue color within the tissue. The

transformed tissue is incubated in the presence of X-Gluc (5-bromo-4-chloro-3indoly glucuronide) 50mg/100ml at 37 °C for 24-36 hrs (Jefferson et al. 1987). The
GUS protein in plant cell cleaves the substrate X-Gluc and produces blue color
within the tissue.

Expression of GUS gene was evaluated by scoring for blue spots on the cells of
apical tissue using GUS assay 2-4 days post infection (dpi). This was similar for
tobacco leaf tissue also. The transformation efficiency (TE) of cells of explants is
calculated as below:

TE = Number of explants expressing GUS gene / total number of explants assayed
xlOO

In order to eliminate the possibility of endogenous GUS expression in nontransformed tobacco and corn tissue, plant genomic DNA was extracted and
amplified using primers specific for GUS gene. Appearance of a band of size
similar to the known GUS gene would indicate presence of GUS gene in these
tissues. Wild-type Agrobacterium

strains K289 and Chry9 were also evaluated for

endogenous GUS gene expression. Bacterial pellets from the above mentioned
strains were incubated in the presence GUS reagent and observed for blue
coloration.

DNA extraction and Polymerase Chain Reaction (PCR)
Bacterial DNA was isolated from Agrobacterium

strains both wild-type and

those bearing the binary plasmids pGUS and pBG5 using the Qiagen Plasmid
DNA extraction mini-prep kit. Plant genomic DNA was extracted using the
QIAGEN DNAeasy plant genomic DNA extraction mini-prep kit. Endogenous
GUS activity in plant tissues of tobacco and corn was evaluated using DNA from
non-transformed tissue. This DNA was subjected to amplification using primers
specific to GUS (uid A) which is a bacterial GUS gene. Genomic DNA was
extracted from the blue regions of transformed tissue and amplified using GUS
gene specific primers. The oligonucleotide sequences for the forward uidA primer
is 5' CGAGCTCGATGTTACGTCCTGTAGAAACCCCAACC. The bold refers
to

the

restriction

enzyme

site

for

Sacl.

Reverse

primer

sequence5' TGCTCTAGAGCATC ATTGTTTGCCTCCCTGCTGCGG

bold

refers to the restriction enzyme site for Xbal. PCR was done varying the template
and MgCb concentrations. Five jxl of (25ng/jxl) DNA was used in the first few PCR
reactions. In addition, 5(il of lOx MgCl 2 free buffer as MgCl 2 was supplemented
externally to manipulate the Mg ++ levels for PCR, 5 jil each of forward and reverse
primers (5^M), 4^1 of (2.5mM) dNTPs, 1 jxl Taq DNA pol (5u/jil) and 5jxl of (12.5mM) MgCl 2 were included for optimal amplification. This reaction was carried
out in PTC-100™ (MJ Research Inc.) thermocycler. To achieve

optimal

amplification, amount of DNA template was altered to 8 (il (25ng/ |xl) and
concentrations of MgCl 2 tested at 1.3, 1.5 and 1.7 mM. Amplification conditions

were set at 94 °C for 30 sec, 50 °C for 45 sec, 70 °C for 2 min repeated for 30
cycles, then at 70 °C for 30 min and the reaction mix was stored at 4 °C. UidA
concentration used was 0.1|ig/(J,l.The PCR products were analyzed in a 1.5%
agarose gel in the presence of lx TAE (0.04M Tris Acetate; 0.001M EDTA) and
run at 100 V/cm for lhr. The loading buffer was modified and contained 0.025%
bromophenol blue and 30% glycerol. Xylene cyanol was excluded in this dye to
make band visualization easier. The gel was stained with ethidium bromide (EtBr)
O.lmg/ml in 250ml of lx TAE for one hour. Kodak digital gel pictures were taken
with 2 sec exposure to UV light.
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Results

GUS gene expression in tobacco
Tobacco leaf discs were inoculated with wild type and plasmid containing
Agrobacterium

strains namely, K15/80, 113/80, G45/79, F13/80 K289 and Chry9;

The leaf-discs were then transferred to nutrient media containing kanamycin.
Callus formation was absent in tissues treated with Agrobacterium

strains K15/80,

113/80, G45/79, F13/80 (with and without plasmids), and the tissue appeared pale
green in color. Tobacco cells inoculated with strains K289pGUS, K289pBG5,
K289, Chry9pGUS, Chry9pBG5 and Chry9 formed healthy looking calli in two
weeks. Callus was cut into one centimeter size and then incubated with GUS
reagent. Figure 4 illustrates the GUS expression in tobacco tissue treated with
Agrobacterium

strains Chry9, Chry9 pBG5 and K289 pGUS. Tissues inoculated

with the wild-type strain Chry9 did not score any blue spots (Figure 4a). The same
result was true for K289 (data not shown). Here, absence of blue coloration on
tobacco tissue suggested that the wild-type Agrobacterium

strains lacking binary

plasmid did not endogenously express the GUS gene. Transformed tobacco tissue
developed blue color upon incubation with GUS reagent. Figure 4a and b suggest
the transfer of the GUS gene in plant cell as blue spots are seen in tissues
transformed with strains Chry9pBG5 and K289pGUS.

Figure 4. Expression of GUS gene in tobacco tissue transformed with
Agrobacterium

tumefaciens

strains,

Chry9,

Chry9pBG5

and

K289pGUS,

following incubation with the X-Gluc reagent. When tobacco tissue is infected
with (a) Chry9, development of blue color is absent (b) Chry9pBG5, blue spots
localize to some regions of tissue (c) K289pGUS, the entire region of the tobacco
tissue is stained blue.

Acetosyringone is a known virulence gene inducer and at a concentration of
O.lmM can increase gene transfer events from Agrobacterium

to plant tissue

(Veluthambi et al, 1989). However, a very small increase in the number of GUS
positive spots (5%) was noticed when the strains Chry9 and K289 bearing binary
plasmids were induced with O.lmM AS. Acetosyringone was supplemented prior
to the inoculation (Figure 5). In both the cases (absence and presence of external
AS induction), the number of GUS positive spots are high (between 70-90 %). The
presence of a high number of blue spots in non-AS induced tissue may be due to
the presence of endogenous AS in wounded tobacco tissues (Stachel et al. 1986). It
seems that the endogenous AS concentration in tobacco leaf discs is high enough
to induce the bacterial virulence genes, hence external AS application is not
required.

GUS gene expression in meristematic regions of corn
Once the functionality of the plasmids was confirmed in the tobacco system,
corn tissues were used for gene transfer experiments. Corn shoot apical tissue was
treated with O.lmM AS-induced Agrobacterium
the plasmids pBG5 and pGUS.

strains, K289 and Chry9 bearing

To determine the effect of high and low

concentrations of AS on gene transfer efficiency, AS concentrations were varied to
concentrations of 0.05mM, 0.2mM, 0.5mM and l.OmM. DIMBOA-resistant
Agrobacterium

strains were induced with O.lmM AS inoculated into corn apical

tissue. Two days post infection (dpi) the putatively transformed corn tissues were
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Figure 5. Effect of O.lmM Acetosyringone (AS) on expression of GUS gene in
tobacco tissue. Agrobacterium

strains K289 and Chry9 bearing plasmids pGUS

and pBG5 are shown along with the wild-type strains K289 and Chry9, on the Xaxis. Y-axis indicates percentage of GUS positive spots (blue color) on tobacco
tissue.

analyzed for the presence of the GUS gene using histochemical assay. Figure 6
represents the expression pattern of GUS gene in corn tissue at O.lmM AS
concentration. Appearance of blue color was limited to some regions of
transformed corn tissue indicating the presence of GUS in those regions. Figure 6a
shows absence of blue color in corn tissue treated with wild-type strain Chry9.
When corn apical tissue was treated with bacterial strain Chry9pBG5 blue spots
appeared to be localized to some regions indicating the expression of GUS in only
those regions (Figure 6b). When treated with strain K289pGUS, expression of
GUS gene in corn tissue was more vigorous (based on number of blue spots seen,
figure 6c). The explants upon infection ranged from 5-18% consistently.

The

transformation efficiency (TE) for each explant was used as an index for
evaluating the virulence of the Agrobacterium

strain and gene transfer efficiency

under the given treatment.

For further molecular analyses the blue regions from transformed tissue were
excised, and DNA from these regions was extracted. Table 1 outlines the effect of
different AS concentrations on bacterial strains K289 and Chry9 (with/without
plasmid) and the consequent effect of these treatments on development of GUS
positive spots in corn apical tissue. When the Agrobacterium

strains were induced

at concentrations of 0.05 mM AS, no blue color formation was seen in the corn
tissue. At a concentration of O.lmM, the appearance of blue spots in transformed
tissues of explant ranged between 26-31%, but when treated with 0.2mM AS the
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Figure 6. Expression of GUS gene in corn tissue transformed with

Agrobacterium

tumefaciens strains, Chry9, Chry9pBG5 and K289 pGUS, following incubation
with the X-Gluc reagent. When corn tissue is infected with (a) Chry9 developed no
blue coloration in infected tissue (b) Chry9pBG5 developed scattered blue regions
(c) K289pGUS developed uniformly distributed blue regions on tissue.

Table 1. Effect of different AS concentrations on transformation efficiency in
corn shoot apical meristem. Numbers indicate the average transformation
efficiencies of shoot apical cells of explant showing blue color following GUS
assay. Number of explants assayed was 50 for Agrobacterium
plasmids; 20 for wild type Agrobacterium

Agrobacterium
Strain

strains bearing

strains.

AS

AS

AS

AS

AS

0.05m

O.lmM

0.2mM

0.5mM

l.OmM

TE

S

TE

S

TE

S

TE

S

TE

M
S

K289pGUS

0

0

16

31

9

19

0

0

0

0

Chry9pBG5

0

0

15

29

7

15

0

0

0

0

K289pBG5

0

0

13

26

8

17

0

0

0

0

Chry9pGUS

0

0

13

27

5

11

0

0

0

0

K289

0

0

0

0

0

0

0

0

0

0

Chry9

0

0

0

0

0

0

0

0

0

0

S = number of explants exhibiting blue spots
TE = percent of explants showing GUS activity

percent of blue spots was about 11-19%. This result was true for both strains
bearing binary plasmids. Concentrations of AS higher than 0.2mM failed to yield
any blue color in the corn cells (Table 1). This absence of color was probably
because AS at higher concentrations is toxic to Agrobacterium

(Sahi, 1992).

Concentrations of AS lower than the concentration of O.lmM perhaps failed to
facilitate efficient T-DNA transfer as indicated by absence of blue coloration. The
most efficient expression of GUS gene was obtained at O.lmM concentration of
AS;

therefore, further experiments

were

performed

keeping

O.lmM

AS

concentration constant. Also, the tissues treated with wild-type strains K289 and
Chry9 at AS concentrations of 0.05, 0.1, 0.2, 0.5 and ImM did not yield any blue
color as the wild type strains do not carry the GUS gene.

Virulence induction of Agrobacterium

with AS ranged between 2-4 hrs

(Veluthambi et al, 1989) and was maintained at 3 hrs for these experiments. After
three hours the corn shoot apical tissue was cocultivated with the AS induced
plasmid bearing Agrobacterium

strains. GUS gene activity in transformed cells of

explant was between 23-29%. To evaluate the outcome of long exposures of
bacteria in the presence of AS, a prolonged induction time of 12 hr was adopted.
When corn cells were co-cultivated with bacterial cultures that had been induced
with AS for 12hrs, blue colored spots were not observed (Table 2). Over-exposure
of the bacterial cells to AS must have led to a toxic response and decimation of
these cells (Sahi, 1992). Again, the wild-type strains K289 and Chry9 did not

Table 2.

Incubation time of AS with Agrobacterium

strains and its effect on

transformation efficiency. Numbers indicate percentage of corn shoot apices
exhibiting blue colored
Agrobacterium

spots. Number

of explants

assayed

was

strains bearing plasmids; 20 for wild type Agrobacterium

Agrobacterium

AS induction

Strain

AS induction
12hrs

3 hrs
S

TE

S

K289pGUS

13

27

0

0

Chry9pBG5

15

29

0

0

K289 pBG5

11

23

0

0

Chry9pGUS

12

25

0

0

Chry9

0

0

0

0

K289

0

0

0

0

S = number of explants showing blue spots
TE = percent of explants showing GUS activity

TE

50 for
strains.

develop blue spots when assayed for GUS gene expression. In all experiments the
number of explants assayed was 20, and the survival of explants upon infection
ranged from 20-40% consistently.

Opines are known to enhance T-DNA cleavage and production of T-DNA
strands

(Veluthambi

et al,

1989) in Agrobacterium

tumefaciens.

In

our

experiments, nopaline was used as an inducer of virulence genes with the objective
of increasing the efficiency of gene transfer. Nopaline treatments were carried out
in the presence as well as absence of AS (O.lmM). Agrobacterium

cultures were

incubated with two nopaline concentrations (15 and 30 (ig/L). Table 3 illustrates
the effect of nopaline when used either in combination with O.lmM AS or alone on
expression of GUS gene. The transformation efficiency is determined based on the
percentage of blue spots produced following incubation with GUS reagent. The
percent of GUS positive cells ranged between 17-25% when bacterial strains
carrying plasmids were induced with O.lmM AS and 15 and 30 p,g/L of nopaline
(Table 3). At 30 j.ig/L nopaline concentration along with AS, higher number of
cells were transformed. Also, nopaline alone did not yield any blue spots at either
concentration (15 and 30 |xg/L), indicating that it was not an efficient inducer of vir
gene. AS when used alone at O.lmM concentration seemed to have higher blue
spot development (21-35%). The control wild-type strains K289 and Chry9 did not
express blue colored spots.

Table 3. Expression of GUS positive spots by Agrobacterium

strains K289 and

Chry9 (with/without plasmid) when O.lmM AS and nopaline (15|a,g/L and 30|J,g/L)
were used as vir gene inducing compounds. Numbers indicate percentage of GUS
positive blue spots in cells of corn shoot apical tissue. Number of explants assayed
was

50 for Agrobacterium

Agrobacterium

strains bearing

plasmids;

20

for wild

strains.

Agrobacterium

AS

Strain

AS

AS

Nop"1

Nop b

Nop"

Nop"

S

TE

S

TE

S

TE

S

TE

S

TE

K289pGUS

18

35

11

23

12

24

0

0

0

0

Chry9pBG5

17

32

13

27

13

25

0

0

0

0

K289p BG5

13

27

11

21

9

17

0

0

0

0

Chry9pGUS

11

21

10

19

10

18

0

0

0

0

Chry9

0

0

0

0

0

0

0

0

0

0

K289

0

0

0

0

0

0

0

0

0

0

a
b

Nopaline at 15ng/L
Nopaline at 30^g/L
S = number of explants showing blue spots
TE = percent of explants showing GUS activity

type

Like opines, monosaccharides have been reported to enhance the sensitivity to
AS of vir genes in Agrobacterium tumefaciens (Peng et al. 1998). To evaluate the
effect of sugars on the gene transfer process, glucose and arabinose at lOmM
concentration were added to the bacterial cultures. These treatments were both in
the presence and absence of AS. Table 4 illustrates the effect of lOmM glucose
either in combination with 15 jag/L nopaline and O.lmM AS or glucose/arabinose
alone on transformation efficiency. When a combination of AS, nopaline and
glucose was used, the percent of blue spots observed upon GUS assay ranged from
12-20%. Combination of glucose with AS yielded lower percent of blue spots (1214%) than when both were used with nopaline. O.lmM arabinose proved to be a
poor inducer of the virulence genes as no GUS positives were detected. Also, when
used alone glucose and arabinose failed to produce any blue spots on corn apical
tissue (Table 4). The wild-type strains K289 and Chry9 did not yield any blue
spots. These results suggest that AS can increase transformation rates, and when
used in combination with nopaline, glucose, or arabinose the transformation rate
decreased significantly by 6%.

Actively dividing cells are needed to increase the chances of bacterial infection,
transfer of gene(s) and multiplication of transformed cells. Thus, corn seeds were
germinated, and seedlings of various ages (5, 8, 12, 20 and 25 days after
germination) were used to extract shoot apices. These apices were wounded and
infected with binary plasmid bearing and wild-type K289 and Chry9 strains.

Table 4. Effect of lOmM glucose, lOmM arabinose, O.lmM AS and 15 ng/L
nopaline on transformation rates on shoot apical meristems of corn. Numbers
indicate percentage of corn apical meristematic cells expressing GUS gene.
Number of explants assayed was 50 for Agrobacterium
20 for wild type Agrobacterium

Agrobacterium
Strain

strains bearing plasmids;

strains.

AS

AS ,Nop
Glucose

AS

Glucose

Ara binose

S

TE

S

TE

S

TE

K289pGUS

9

20

8

14

0

0

Chry9pBG5

10

12

7

13

0

K289 pBG5

9

15

6

12

Chry9pGUS

8

12

4

Chry9

0

0

K289

0

0

Glucose
TE

S

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

10

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

S = number of explants exhibiting blue spots
TE = percent of explants showing GUS activity

S

Arabinose
TE

Table 5 shows that the percent of GUS positive spots is higher in older shoot
apices of corn. Younger shoot apices did not express the GUS gene. In the
majority of cases young tissue did not survive the wounding and infection process.
When 20-25 day old seedlings were inoculated with the bacterial strains a
consistent transformation rate between 20-30% was observed. Perhaps the area of
exposure in older meristems was larger, thus increasing the chances of T-DNA
transfer. GUS gene expression was absent in wild-type strains.

Regions of active cell division in immature embryos of corn were also targeted
for infection with the above mentioned strains of Agrobacterium.

Immature

embryos were harvested typically at 14 DAP. To evaluate the effect of
transformation on older immature embryos, those that were 30 DAP were used.
They were wounded and co-cultivated with Agrobacterium

strains K289 and

Chry9 (with/without binary plasmid). The transformation efficiency in both 14 and
30 DAP immature embryos was low, in the range of 2-8% as compared to the
shoot apical meristems (Table 5). Expression of the GUS gene was higher when 14
DAP old kernels were used. Thirty days after pollination the kernels developed a
thicker aleurone layer making the extraction of immature embryos difficult; and
the number of actively dividing cells seems to have declined.

Table 5. Expression of GUS gene in shoot apices and immature embryos of corn
at different days after germination and pollination respectively. Numbers indicate
the percentage of GUS positive apical meristems expressing blue color in the
infected tissues. Number of explants assayed was 50 for Agrobacterium
bearing plasmids; 20 for wild type Agrobacterium

Agrobacterium

strains

strains.

Immature embryos

Shoot apical meristems

Strain
5 DAG
S

8 DAG

12 DAG

20 DAG

TE

S

TE

S

TE

S

TE

25 DAG
S

14 DAP

30 DAP

TE

K289pGUS

0

0

0

0

0

0

13

27

11

22

7

5

Chry9pBG5

0

0

0

0

0

0

14

29

12

25

5

7

K289p BG5

0

0

0

0

0

0

12

24

11

23

2

2

Chry9pGUS

0

0

0

0

0

0

13

26

12

24

8

4

Chry9

0

0

0

0

0

0

0

0

0

0

0

0

K289

0

0

0

0

0

0

0

0

0

0

0

0

DAG refers to days after germination
DAP refers to days after pollination
S = number of explants exhibiting blue spots TE = percent of explants showing GUS activity

Polymerase Chain Reaction Analyses
In order to determine the presence of the GUS gene in the plant genome, we
used the Polymerase Chain Reaction technique. GUS gene was amplified directly
from the DNA extracted from the plant genome using specific forward and
backward primer sets. A number of experiments were performed to optimize the
conditions required to amplify this gene. Plasmid DNA was extracted from
different Agrobacterium

tumefaciens

strains both wild type and those bearing

plasmids pGUS and pBG5. Plant genomic DNA was extracted from the
transformed (blue spots) and non-transformed tissues of tobacco and corn to
evaluate the presence of GUS gene. The size of GUS gene was compared to that of
uidA (~2000bp) and was detected using agarose gel-electrophoreses.

The results from amplification of plasmid DNA of Agrobacterium

strains K289

and K289pGUS, at different MgCl 2 concentrations, are shown in figure 7. Lane 0
refers to the wild-type Agrobacterium

strain K289. A band corresponding to the

uidA is absent in this wild-type strain at the MgCl 2 concentrations of 1.0, 1.5, 2.0
and 2.5 mM;thus indiacting the absence of endogenous GUS gene in wild-type
bacteria. A band corresponding to uidA (~2000bp) is seen in strain K289pGUS
(lanes 1, 2 and 4) at MgCl 2 concentrations of 1.0, 1.5 and 2.5 mM, respectively.
Due to scarcity of DNA from transformed tissue the reactions were done only
once; therefore it would be premature to conclude in K289pGUS strains treated at
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1.0m M

l.SmM

GUS (uidA)

GUS (uidA)

2.0mM

Figure 7.

2.5mM

Gel-electrophoresis of PCR products of Agrobacterium

tumefaciens

strains K289 and K289pGUS. The lanes 1, 2, 3 and 4 indicate the presence of
GUS gene in K289pGUS strain amplified at MgCl 2 concentrations of 1.0, 1.5, 2.0,
2.5 mM respectively. Lane 0 refers to wild-type strain K289. L refers to 1Kb
ladder.

a concentration of 2.0mM the GUS bands cannot be seen and that this
concentration could not be considered optimal. However, unlike at other MgCl2
concentrations, uidA also did not amplify at 2mM concentration. PCR conditions
required for amplification are extremely sensitive to the Mg ++ concentrations, and
a concentration of 2.0mM was perhaps not a viable concentration. Although bright
bands were detected at MgCl 2 concentrations of 1.0, 1.5 mM and 2.5 mM, a
concentration of 1.5 mM MgCl2 was adopted as the standard concentration for
future experiments.

Figure 8 represents the expression of GUS gene in tobacco tissue treated with
the Agrobacterium

strain Chry9pBG5 at MgCl 2 concentrations of 1.0 and 1.5mM.

The uid A is represented in lane 0. A band corresponding to the control is absent in
the wild type strain Chry9 (lanel) which indicates the absence of endogenous
expression of this gene in this bacteria. Lane 2 represents plasmid DNA from
Agrobacterium

strain Chry9 pBG5 at 1.5mM MgCl2 concentration. A band corres-

ponding to the uidA (-2000 bp) is seen. Lane 3 represents DNA from nontransformed tobacco tissue. Banding pattern similar to uidA is absent in lane
3,which supports the fact that endogenous expression of GUS gene is absent in this
plant tissue. Lanes 4 and 5 represent tobacco tissue inoculated and transformed
with Chry9pBG5 strain and subjected to PCR with MgCh concentrations of 1.0,
1.5 mM, respectively. The presence of a band size of 2000bp, in lane 5 (1.5mM

Figure 8. Expression of GUS gene in tobacco tissue treated with

Agrobacterium

strain Chry9pBG5. Lane 0 indicates uidA. Lanes 1 and 2 represent

Agrobacterium

strains Chry9 and Chry9pBG5 respectively atl.5mM MgCL. Lane 3 represents
DNA from non-inoculated tobacco tissue, lane 4 represents tobacco tissue treated
with Chry9pBG5 at 1 .OmM MgCb and lane 5 refers tobacco tissue treated with
Chry9pBG5 at 1.5mM MgCl2. L refers to 1Kb ladder.

MgCl 2 ) corresponding to the uid A, suggests that GUS is present in tobacco cells
and that a MgCl 2 concentration of 1.5mM in our experiments gave the best results
for amplification of GUS gene. Furthermore, treatment with l.OmM MgCl 2 did not
indicate the presence of the GUS band in the transformed tissue.

Figure 9 is a gel-electrophoresis picture of amplification of GUS gene from
transformed and non-transformed tobacco and corn apical meristem tissue at
MgCl 2 concentration of 1.5mM. The tissues were treated with

Agrobacterium

strain K289pGUS. DNA was extracted from non-transformed plants and blue
regions of transformed tissues. Bands 0 and 5 correspond to uidA (~2000bp). Lane
1 refers to plant DNA from tobacco tissue inoculated with wild-type strain K289.
As seen in the gel-picture, a band corresponding to uidA is absent. Lane 2 refers to
tobacco tissue treated with K289pGUS strain, lane 3 refers to corn tissue cocultivated with K289 strain (without binary plasmid). Absence of a band here
indicates the absence of GUS gene in corn tissue. Lane 4 represents corn shoot
apical meristem inoculated with K289pGUS

strain, PCR conditions

were

maintained at 1.5mM MgCl 2 concentration. A faint band corresponding to the uidA
is visible, suggesting the incorporation of the GUS gene in corn genome.

Figure 10 illustrates the presence of GUS gene in tobacco and corn genome
when treated with Agrobacterium

strain K289pGUS. In this gel picture, lanes 0

and 1 represent uidA. Lane 2 refers to wild-type strain K289 of

Agrobacterium
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Figure 9. Expression of GUS gene indicated by of PCR analysis of DNA from
tobacco and corn tissues, treated with Agrobacterium strains K289 and K289pGUS
at 1.5mM MgCli concentration. Lanes 0 and 5 represent the uid A. Lane 1 refers to
tobacco tissue inoculated with Agrobacterium

strain K289 (without plasmid), lane

2 refers to tobacco tissue treated with K289pGUS strain, lane 3 refers to corn
tissue treated with K289 (without plasmid), lane 4 refers to corn shoot apical tissue
treated with K289pGUS strain. L refers to 1 kb ladder.
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MW
3,054
GUS (uidA)

2,036
1,636
1,018

Figure 10. Expression of GUS gene indicated by of PCR analysis of DNA at
1.5mM

MgCli concentration

Agrobacterium

from tobacco and corn tissues treated

with

strains K289 and K289pGUS. Lanes 0 and 1 represent uidA

(0.1|xg/nl). Lane 2 refers to wild-type strain K289. Lane 3 refers to tobacco tissue
inoculated with wild-type strain K289. Lane 4 refers corn tissue treated with K289.
Lane 5 refers to GUS gene amplified from Agrobacterium

strain K289pGUS. Lane

6 refers to tobacco tissue inoculated with Agrobacterium

strain K289pGUS. Lane

7 refers corn shoot apical meristem tissue inoculated with strain K289pGUS. L
refers to 1 kb ladder.

tumefaciens.

Lane 3 refers to tobacco tissue transformed with wild-type strain

K289. When treated with Agrobacterium

strain K289, the corn cells do not show

GUS gene as seen in lane 4. Lane 5 refers to GUS gene amplified from
Agrobacterium

strain K289pGUS. A distinct band corresponding to uidA can be

seen here. Lane 6 refers to tobacco tissue inoculated with Agrobacterium

strain

K289pGUS. A bright band of size 2000bp is seen indicating the transfer of GUS
from the Agrobacterium

to host genome. Lanes 7 refer to corn apical meristem

tissue inoculated with K289pGUS strain amplified at MgCl 2 concentration of
1.5mM. The band observed is not as bright as that of transformed tobacco tissue
but conforms with uidA.

Figure 11 shows the various MgCl 2 concentrations used to detect GUS gene by
PCR in tobacco and corn tissues treated with different bacterial strains. UidA in
lane 0 shows an approximate band of size 2000bp. Lane 1 refers to nontransformed tobacco tissue. Lane 2 refers to tobacco tissue treated with wild-type
strain K289. Absence of a band comparable to GUS gene indicates that these
bacteria lack inherent expression of this gene. Lanes 3, 4 and 5 refer to tobacco
tissue treated with K289pGUS

which was amplified by PCR

at MgCl 2

concentration of 1.3, 1.5 and 1.7 mM, respectively. The 1.5mM concentration gave
a bright band corresponding to the GUS gene. The other two MgCl 2 concentrations
were 1.3, 1.5 and 1.7 mM, respectively. Lane 6 refers to non-transformed corn
apica 1 tissue. Lane 7 refers to corn tissue inoculated with wild-type strain K289.
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GUS (uidA)

Figure 11. Expression of GUS gene in tobacco and corn tissues at different MgCh
concentrations. UidA is represented in lane 0. Lane 1 refers to non-transformed
tobacco tissue. Lane 2 refers to tobacco tissue transformed with wild-type strain
K289. Lanes 3, 4 and 5 refer to tobacco tissue transformed with K289pGUS, PCR
at MgCl2 concentration of corn apical meristem tissue infected with K289pGUS at
MgCl 2 concentrations of 1.5 and 1.7 mM respectively. Lanes 10 and 11 refer to
corn tissue inoculated with the Chry9pBG5 strain at MgCl 2 concentrations of 1.3
and 1.7 mM gave lower amplification. Lane 6 represents non-transformed corn
tissue, here a band comparable to the GUS gene is not found indicating absence of
endogenous GUS concentration of 1.5 and 1.7 mM respectively. L refers to 1Kb
ladder.

MgCl2 at 1.3 and 1.7mM levels did not amplify GUS gene in a consistent manner.
However, atl.7mM concentration the GUS gene band was noticeable but was not
as bright as with 1.5mM concentration. Lane 6 represents non-transformed corn
tissue treated. Again absence of GUS gene indicated corn lacks this gene
endogenously. Lane 7 refers to corn tissue treated with K289 wild-type strain
which lacks GUS gene; therefore, no GUS band seen. Lanes 8 and 9 refer to corn
apical meristem tissue inoculated with K289pGUS at MgCl2 concentrations of 1.5
and 1.7 mM, respectively. Again, at 1.5mM MgCl 2 concentration the GUS band
appears brightest. Lanes 10 and 11 refer to corn tissue infected with the
Chry9pBG5 strain at MgCl 2 concentration of 1.5 and 1.7 mM, respectively. The
bands were faint and amplification did not appear optimum. Therefore MgCl 2
concentration of 1.5mM gave best results from among the three concentrations for
future amplifications. Amplification of GUS gene from Agrobacterium

strains

K289 and Chry9 (pGUS and pBG5) could be carried out at MgCh concentration of
1.5mM with a template requirement of 5|ul (25ng/ jil).
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Discussion

A number of factors such as genotype, age and physiological condition of the
targeted explant and the infecting Agrobacterium

tumefaciens strain (Shen et al.

1993) have been found to be responsible for transformation in maize. The above
results demonstrate the efficiency of strains K289 and Chry9 of
tumefaciens

Agrobacterium

bearing plasmids pGUS and pBG5, for transformation of corn.

Unfortunately, success rate is low and regeneration of fertile plants remains to be
evaluated. In our study, transformation of corn was achieved using DIMBOAresistant Agrobacterium

strains K289 and Chry9 with plasmid pGUS and pBG5.

The presence of a eukaryotic promoter and a plant intron in the binary plasmid
pGUS ensured GUS expression only in the plant and not in the bacterial
prokaryotic vector system. Transcription of GUS would occur only when the
intron is spliced out in the nucleus and splicing machinery is absent in prokaryotes.
Blue spots seen on plant tissue demonstrated that GUS was present within plant
tissue, which was translated and was cleaving the substrate (X-gluc). However,
very few spots were seen on corn as opposed to tobacco tissue where GUS activity
was as high as 80%.

Controls are essential in transformation experiments to evaluate endogenous
expression of the GUS gene in wild-type bacterial strains K289 and Chry9 and also
in non-transformed plant tissue. The absence of a GUS band in tobacco and corn
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tissues upon amplification with GUS gene specific primers demonstrated the
absence of inherent expression of this gene in these plants.

Some inherent inducer(s) of Agrobacterium

virulence genes have been

reported in maize, but their nature is not known (Sahi, 1992). Also, it is not
known whether these inducer(s) are present in sufficient concentrations to
induce virulence genes in order to facilitate gene transfer. Therefore, different
concentrations of AS were utilized to determine its effect on gene transfer. The
virulence gene inducers like plant phenolics and monosaccharides are shown to
increase chances of transfer of T-DNA. It is not clear if virA gene directly
senses phenolic compounds like AS (Lee et al. 1995) or if there is a receptor
involved in this process. It has also been found that specific inducing sugars can
widen the specificity of phenolic compounds that the VirA protein senses
(Cangelosi et al. 1990). Induction treatments of bacterial virulence genes were
carried out with glucose and arabinose. However, these sugars failed to increase
transformation efficiency in corn.

Although about 20-30% transformation occurs in corn with DIMBOAresistant Agrobacterium

strains, transgenic corn is mostly regenerated using

direct transformation techniques like electroporation and particle bombardment.
It was recently reported that Agrobacterium mediated infection in plant cells of
maize leads to apoptosis as a result of a hypersensitive response (Hansen,

2000). This response could be reversed by using anti-apoptotic genes like p35
indicating that there may be a caspase like response that cascades the apoptotic
events in corn cells. Such a response could be a major factor inhibiting
Agrobacterium-mediated

transformation of corn. Also, plants such as corn have

a better proof reading system in the nucleus that could eliminate integration of
foreign DNA (Tinland et al, 1995). However, improving our current techniques
for development of transgenic corn may yield dependable and consistent results.
Our attempts to generate transgenic corn were by far successful as at least 2530% GUS activity was noticed with AS of O.lmM concentration, although
stable transformation is still to be evaluated.
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